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Device for heat transfer between two walls 



The invention relates to a device for heat transfer between a first wall and a second 
wall, which are respectively in contact with a first thermal mass and a second thermal 
mass. 



Devices of this type are already known which are used in particular for transferring 
heat between a wall capable of being heated by solar radiation and another wall, such 
as a wall of a building for example, a water reservoir etc. In this case, one of the 
thermal masses is the external ambient air, whereas the other thermal mass is the 
building, reservoir, etc.. I 

In this special application, such devices must be able to transfer the heat originating 
from solar radiation to the wall to be heated, whilst preventing a thermal transfer in 
the opposite direction when the solar radiation has stopped. 

The known devices do not always make it possible to solve all the situations that arise 
in practice and are generally limited to the heating of one wall and one associated 
thermal mass on the basis of solar radiation and thermal insulation of this thermal 
mass when the solar radiation has stopped. 

There are also other situations for which it would be desirable to cool the thermal 
mass in question. 

Therefore there is a need to procure a device for heat transfer which is capable of 
responding to different situations in order to permit in particular either heating or 
thermal insulation, or on the other hand cooling or thermal insulation. 



The invention proposes to this end a device for heat transfer of the type mentioned in 
the introduction, which comprises an insulating unit capable of being interposed 
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between the first wall and the second wall in order to define a closed loop for the 
circulation of a heat-exchanging fluid, which comprises a first channel extending 
substantially vertically along the first wall and a second channel extending 
substantially vertically along the second wall, the first channel and the second channel 
being staggered with respect to one another in the vertical direction in order to define 
a 'low channel' and a 'high channel', as well as an upper channel connecting the first 
channel and the second channel and a lower channel connecting the first channel and 
the second channel, in such a manner that the circulation of the heat-exchanging fluid 
is effected naturally in the loop when the low channel is at a higher temperature than 
the high channel, which permits a heat transfer, and that the circulation of fluid is 
naturally blocked in the loop when the low channel is at a lower temperature than the 
high channel, which prevents heat transfer by forming a thermal insulator. 

Thus a device for heat transfer is obtained which can be called a 'thermal diode' by 
analogy with electricity. 

This heat transfer device, which has numerous applications, makes it possible by 
virtue of the configuration of the channels, and in particular of the vertical staggering 
of the first channel and second channel, to allow or prevent circulation of the heat- 
exchanging fluid by simple convection movement, and this according to the 
respective temperatures of the first and second channels. 

In other words, the circulation of the heat-exchanging fluid is effected or blocked 
naturally by the convection of the heat-exchanging fluid. 

When the low channel is at a higher temperature than the high channel, the fluid tends 
to rise naturally from the low channel to the high channel by using the upper channel 
(which is rising). Then the fluid cools in the high channel, which has a lower 
temperature, and falls naturally back down to the low channel by the lower channel 
(which is falling), and so on. 
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Conversely, when the low channel is at a lower temperature than the high channel, the 
fluid tends to rise to the high channel and to stagnate in this channel, which is at a 
higher temperature than the low channel. Due to this stagnation, the high channel is 
filled with the hot heat-exchanging fluid, which makes it possible to provide thermal 
insulation to the thermal mass located on the side of the high channel. This gives rise 
to a phenomenon of temperature stratification, wherein the hottest heat-exchanging 
fluid stagnates in the upper part of the loop and the coldest heat-exchanging fluid 
stagnates in the lower part of the loop. 

Obviously, such a device has numerous applications, one being the heating, thermal 
insulation or cooling of buildings. 

In one embodiment of the invention, the first channel forms a low channel and the 
second channel forms a high channel, which makes it possible to effect a heat 
exchange when the temperature of the first channel is higher than that of the second 
channel, and to prevent a heat exchange when the temperature of the first channel is 
lower than that of the second channel. 

In another embodiment, the first channel forms a high channel and the second channel 
forms a low channel, which makes it possible to effect a heat exchange when the 
temperature of the first channel is lower than that of the second channel and to 
prevent a heat exchange when the temperature of the first channel is higher than that 
of the second channel. 

In one embodiment of the invention, the device comprises selection means in order to 
bring the device into either of two states, comprising a first state wherein the first 
channel is a low channel and the second channel is a high channel, and a second state 
wherein the first channel is a high channel and the second channel is a low channel. 
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The result is that one and the same device can be used for example to heat, to cool or 
to insulate thermally a building. 

Thus for example, it is possible with this device to effect, during the winter period, 
heating of the building during the day by solar radiation, and thermal insulation of the 
building by night. It is equally possible, during the summer period, to carry out 
thermal insulation of the building by day and cooling by night, if the external 
temperature is lower than the internal temperature of the building. 

In one embodiment, the device comprises first units configured in the first state and 
second units configured in the second state, and the selection means comprise means 
of putting into operation either the first units or the second units. 

In another embodiment, the units are configured in one state, and the selection means 
comprise means of changing over in order to change the units to the other state. 

Thus for example, the device may be contrived in the form of a shutter or the like 
combining one or more units and capable of passing from the first state to the second 
state, or vice versa, by changing over. 

It is also conceivable for the device to comprise blocking means to voluntarily block 
the circulation of heat-exchange fluid and thus to prevent any heat transfer. 

In a preferred application of the invention, the first wall is capable of being exposed to 
solar radiation, whereas the second wall backs on to a thermal mass to be heated or 
cooled. 

Thus the second wall may be for example the outside wall of a building. 
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^^\The heat-exchanging fluid'k preferably aid, but it is possible to use other media, in 
^/particular liquids. \ 

The module is formed advantageously of an insulating material. This may be selected 
in particular from a polymer, a cellular concrete, and a flexible material such as a 
fabric. 

In one embodiment, the unit comprises an insulating core capable of being placed 
between the first wall and the second wall in order to help define respectively the first 
channel and the second channel, as well as an upper insulating partition and a lower 
insulating partition capable of being placed respectively above and below the core in 
order to help define respectively the upper channel and the lower channel. 

In the following description, made solely by way of example, reference will be made 
to the attached drawings, which show: 

Figure 1 a view in section of a device according to a first embodiment of the 
invention operating in heating mode; 

Figure 2 a view corresponding to Figure 1, showing the same device operating 
in thermal insulation mode; 

Figure 3 a front view of the device in Figures 1 and 2; 

Figure 4 a view in section of a device according to a second embodiment of the 
invention, operating in thermal insulation mode; 



Figure 5 



a view corresponding to Figure 4, showing the device operating in 
cooling mode; 
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§ Figtrre-6 a view in section of a device according to a third -em bodim o nt o £lhs 

p inv e ntion, contrived as a shutt e r br o ughl iulu a fiisl slat e; 

Figure 7 a view corresponding to Figure 6 showing the shutter brought into a 
second state; 

Figure 8 a view in horizontal\section showing a shutter contrived to be sliding in 
a retracted position; 

Figure 9 a view similar to Figui^#^tK>wing the shutter in the active position; 

Figure 10 a view in vertical sec^ortofa device according to another embodiment 
of the invention operating; in heating mode; 

Figure 1 1 a view corresponding to Figure 10 showing the device operating in 
thermal insulation mode; 



Figures 12 

and 13 are section views of a device according to the invention comprising 

blocking means and shown in two diff 



Figure 6 a view in section of a device according to a third embodiment of the 
invention, contrived as a shutter brought into a first state; 

Figure 7 a view corresponding to Figure 6 showing the shutter brought into a 
second state; 

Figure 8 a view in horizontal section showing a shutter contrived to be sliding in 
a retracted position; 

Figure 9 a view similar to Figure 8 showing the shutter in the active position; 

Figure 10 a view in vertical section of a device according to another embodiment 
of the invention operating in heating mode; 

Figure 1 1 a view corresponding to Figure 10 showing the device operating in 
thermal insulation mode; 



Figures 12 
and 13 



are section views of a device according to the invention comprising 
blocking means and shown in two different positions; 



Figures 14 
and 15 



are views corresponding to Figures 12 and 13 showing another device 
comprising blocking means and shown in two different positions; 



Figures 16 
and 17 



are views respectively in perspective and from the front of a device 
comprising units according to Figures 12 and 13 alternating with units 
according to Figures 14 and 15; 
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Figures 18 

and 19 are views in section of a device according to the invention comprising 

selection means and shown in two different positions; 



^s Pignres 20 - 

^/aftd-34 are views respectivelj\in perspective and in section of a device 

according to the invention realised as a moulded block; 



Figure 22 is a view in section of a device according to the invention used as a 

solar collector for heating water; 
I 

Figure 23 is a front view of a device according to the invention contrived as a 
pivoting shutter; 



Figure 24 A is a diagrammatic view in horizontal section of the shutter of Figure 23 
brought into a first state; 

Figure 24B is a view in vertical section corresponding to Figure 24A; 

Figures 25 A 

and 25B correspond respectively to Figures 24A and 24B for a second state of 

the shutter; 

\Figure 26 is a front view of a device according to the invention realised as a 
rotary element; 

Figure 27 is a view in horizontal section of the device in Figure 26; 



Figure 28A is a view in vertical section of the device in Figures 26 and 27 in a first 
state; and 
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Figure 28B is a view corresponding to Figure 28 for a second state of the device. 



Figure 1 will be referred to first, which shows a device 10 according to the invention 
comprising an insulating unit 12 capable of being interposed between a first wall 14 
and a second wall 16. 

In the example, the wall 14 forms an outer wall capable of being exposed to solar 
radiation S, whereas the wall 16 forms part of a wall 18 of a building. The walls 14 
and 16 are substantially vertical and are located at a distance D which may, for 
example, be between 100 and 200 mm. 

The wall 14 may, in its simplest form, consist of a plain sheet of metal, e.g. coated 
with a black paint. 

The unit 12 comprises at least one insulating core 20, which has in straight vertical 
section substantially the shape of a parallelogram. This insulating core 20 is housed 
for example between two vertical columns 22 (Figure 3) forming a frame. This 
insulating core 20 is placed between the first wall and the second wall, but without 
coming into contact with them. The unit further comprises an upper insulating 
partition 24 and a lower insulating partition 26 capable of being placed respectively 
above and below the core 20. These two partitions 24 and 26 are inclined and extend 
between the walls 14 and 16. 

Obviously the partition 24 forms a lower partition for another insulating core 20 
located above and the partition 26 forms an upper wall for another core 20 placed 
below. The partitions 24 and 26 are also mounted between the columns 22 (Figure 3). 

Obviously, the core 20, the partitions 24 and 26 and the walls 14 and 16 help thus to 
define a circulation flow as a closed loop. This loop comprises a first channel 28 





extending substantially vertically along the first wall 14, and a second channel 30 
expending substantially vertically along the second wall 16 (Figure 1). 

These channels 28 and 30 are staggered with respect to one another in the vertical 
direction in order to define a 'low channel' (in this case the first channel 28) and a 
'high channel' (in this case the second channel 30). 

The channels 28 and 30 are connected, in the upper region, by an upper channel 32, 
and in the lower region by a channel 34. These channels 32 and 34 are substantially 
parallel to one another and are directed upwards from the channel 28 in the direction 
of the channel 30. Because these channels 28 and 30 are staggered, the channel 28 
has a high point PH which is substantially at the same level as the low point PB of the 
channel 30. Obviously, the high point PH could be at a slightly higher level than the 
low point PB or even at a slightly lower level than the low point PB. 

The channels 28, 30, 32 and 34 are sealing-tight and have a heat-exchanging fluid FC 
passing through them, which in the example is air. This air may circulate naturally in 
the channels without any external help, according to the differences in temperature 
existing between the walls 14 and 16. 

In the case of Figure 1, the device is used in winter and by day to carry out heating of 
the wall 18 from solar radiation S. The wall 14 and therefore the channel 28 (low 
channel) are at a temperature higher than the wall 16, therefore of the channel 30 
(high channel). The fluid FC is heated in the channel 28 and tends to rise naturally 
because it becomes lighter, and thus uses the channel 32 which is rising in order to 
reach the channel 30 along the wall 16. As this wall is at a lower temperature than the 
wall 14, the fluid cools and tends to fall naturally to pass along the wall 16 and then 
drop via the channel 34 in order to return to the channel 28 and so on. Provided that 
the wall 14 is at a higher temperature than the wall 16, the fluid FC circulates 
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naturally in the direction indicated by arrows in Figure 1 in order to effect a heat 
transfer which makes it possible to heat the wall 18 by solar radiation S. 

In the embodiment shown, the cores 20 and the partitions 24 and 26 are formed of an 
insulating material which may be for example a polymer (polystyrene, polyurethane 
etc.) or a cellular concrete, also known as light concrete. 

The width L of the cores 20 and of the partitions 24 and 26 may be for example 
between 50 cm and 5 metres (Figure 3). 

Figure 2 will now be referred to, which shows the device of Figure 1 in winter and by 
night. In this configuration, solar radiation S has stopped and the wall 14 is exposed 
to the ambient air, which is at a lower temperature than the wall 16 backing on to the 
wall 18. The result is that the wall 14 forms a cold wall and the wall 16 a hot wall. 

Consequently, the fluid FC is heated by the wall 16 and tends to stagnate in the 
channel 30 located along the wall 16 and in the channel 32, because the channel 30 
(high channel) and the channel 32 are located at a higher level than the channel 28 
(low channel) and than the channel 34. Thus the circulation of the fluid FC is 
naturally blocked and prevents a transfer of heat between the walls 14 and 16. The 
hottest fluid FC stagnates in the upper part of the loop and the coldest fluid FC in the 
lower part of the loop. 

As the hot fluid FC tends to stagnate in the channel 30, this results in the formation of 
thermal insulation, which considerably decreases the loss of heat. 

Obviously, a device for heat transfer is thus obtained which can be termed a 'thermal 
diode* and which operates naturally, without any external intervention, in order to 
effect in the winter period day-time heating (Figure 1) and night-time thermal 
insulation (Figure 2). 
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Figures 4 and 5 will now be referred to, which show another device according to the 
invention which is related to that of Figures 1 and 2, but whose configuration is 
different. 

In fact, in the case of Figures 4 and 5, the first channel 28 forms a high channel and 
the second channel 30 a low channel, such that the upper channel 32 and the lower 
channel 34 are oriented downwards from the wall 14 to the wall 16. Such a device 
can be applied, during the summer period, to effect thermal insulation of a building by 
day (Figure 4) and cooling of the building by night (Figure 5). 

/^>\During the day (Figure 4), the wall 114 is exposed to solar radiation. Consequently, 
/the fluid FC heats along the wall 14Vmd tends consequently to stagnate in the upper 
part of the loop, i.e. in the channel 2&(high channel) and the channel 32. The fluid 
with a lower temperature tends to stagnate in the lower part of the loop, i.e. in the 
channel 30 (low channel) and the channel 34, i.e. on the side of the wall 16. 
Consequently, the circulation of heat-exohanging fluid is blocked naturally and 
thermal insulation is obtained, since the heat supplied by solar radiation S cannot be 
transferred to the wall 16. It is advantageous therefore to use, for the wall 14, a white 
sheet of metal in order to minimise the absorption of heat. 

In the case of Figure 5, the wall 14 is no longer exposed to solar radiation and is at a 
lower temperature than the wall 16. Consequently, the heat-exchanging fluid tends to 
circulate naturally, by convection, in the direction indicated by arrows. Thus the fluid 
FC heats up in the channel 30 (low channel), reaches the channel 28 (high channel) 
via the channel 32, and then returns to the channel 30 via the channel 34, and so on. 

Obviously it is advantageous to be able to have a device according to Figures 1 and 2 
for the winter period and a device according to Figures 4 and 5 for the summer period. 
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Now, these two devices are symmetrical. It is thus possible to move from the position 
of Figures 1 and 2 to that of Figures 4 and 5 by a changeover. 

^^\A convenient way is to realise a shutter or the like as is shown in Figure 6. This 
^/shutter 36 comprises cores 20 alternating with partitions 24 or 26 and disposed 

between two walls 14 and 16. The Wall 14 and the wall 16 can be each formed by a 
simple glass pane or metal sheet. The wall 14 is black or dark-coloured, whereas the 
wall 16 is white or light-coloured. The shutter 36 is placed behind a glass pane 42 of 
a building, which is exposed to solar radiation S. The shutter can be realised in the 
form of a horizontally sliding shutter (Figures 8 and 9) and capable of retracting into a 
recess 43 of the wall 18 (Figured) or of\being placed behind the glass pane 42 (Figure 
9). 

During the winter period, the device is placed in the position shown in Figure 6 and 
operates in a similar manner to that of Figures 1 and 2 described above. 

^y^puring the summer period, the shutter is changed over and is located in the position of 
/ Figure 7, which corresponds to the operation described above for Figures 4 and 5. In 
other words, thermal insulation is obtained by day, and cooling by night. This is 
favoured by the fact that the white surface (wall 16) is now located facing solar 
radiation S, whereas the black surface (wall 14) is opposite. 

Reference will now be made to Figures 10 and 1 1, which show another embodiment 
of the invention related to that of Figures 1 and 2. The main difference resides in the 
fact that the first wall 14 comprises successively a glass pane 44 exposed to solar 
radiation, a fabric 46 of glass or plastics material, and a metal sheet 48 having one 
side coated in black 50 and the other side coated in white 52. 



Furthermore, the wall 14 is equipped with a blocking element 54 which, in the 
position in Figure 10, is oriented towards the exterior. During the winter period, the 
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device is in the configuration in Figure 10 and operates in a manner similar to that of 
Figures 1 and 2. 

During the summer period, the wall 14 is changed over, so that the blocking element 
54 covers the channel 28. Consequently, the circulation of heat-exchanging fluid FC 
is prevented voluntarily. As a result, the heat-exchanging fluid cannot effect a 
thermal transfer from the wall 14 exposed to solar radiation to the wall 16 on the side 
of the wall of the building. 

In the embodiment of Figures 12 and 13, a device is shown which is related to that of 
Figures 10 and 1 1. However, the blockage of circulation of the fluid in summer is 
effected here by rotation of the core 20 about an axis 56. 

During the winter period, the core 20 is in the position shown in Figure 12, i.e. it 
helps to define the circulation channels in order to effect heating. During the summer 
period, the core 20 is rotated about its axis so that it comes into abutment with the 
partitions 24 and 26 in order to block circulation of the fluid in the loop, as is shown 
in Figure 13. Thus insulation is effected. 

The embodiment in Figures 14 and 15 is related to that of Figures 12 and 13, with an 
arrangement according to that of Figures 4 and 5. This means that the channel 28 and 
the channel 30 respectively form the high channel and the low channel. The core 20 
is also mounted pivotably about an axis 56. During the summer period (Figure 15), 
the core is placed so as to permit circulation of the heat-exchanging fluid, whereas 
during the winter period (Figure 14), the core has pivoted in order to block the 
circulation of fluid in the channels 28 and 30. 

The device according to Figures 16 and 17 comprises first units 12a according to 
Figures 12 and 13, which alternate with second units 12b according to Figures 14 and 
15. These units are aligned and disposed so that the cores 20 can pivot 
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synchronously. In Figures 1 6 and 17, the units 12a are in the winter position for 
heating (cf. Figure 12), and the units 12b in the winter position for insulation (cf 
Figure 14). If the cores are pivoted synchronously, the units 12a move into the 
summer position for insulation (cf. Figure 13) and the units 12b into the summer 
position for cooling (cf Figure 15). 

In the embodiment according to Figures 18 and 19, the channels 28 and 30 of the 
device are interconnected by two upper channels 32a and 32b, which intersect at right 
angles and by two lower channels 34a and 34b which intersect at right angles. At the 
two intersections thus formed, two selectors 58 and 60 are disposed respectively, each 
consisting of a four-way rotary valve provided to be actuated synchronously and 
placed in either of two positions. The above-mentioned channels are defined between 
the walls 14 and 16 and end cores 62 and 64, and fiirthermore cross a central core 66. 



In a first position, or winter position, shown in Figure 18, the circulation of the heat- 
exchanging fluid is allowed in the channels 32a and 34a, which are oriented upwards 
from the channel 28 to the channel 30 and is blocked in the channels 32b and 34b, 
which are oriented downwards from the channel 28 to the channel 30. The device 
thus operations like that in Figures 1 and 2. 

In a second position, or summer position, shown in Figure 19, the circulation of the 
heat-exchanging fluid is allowed in the channels 32b and 34b, and is blocked in 
channels 32a and 34a. The device thus operates like that in Figures 4 and 5. 

*\rhe device in Figures 20 and 21 is a bltack 68 having a general cuboid shape, which is 
Xmoulded from an insulating material, e.g. a plastics material or cellular concrete. It is 
provided to be able to be stacked vertically with one or more other similar blocks, as 
is shown in Figure 21 . It comprises two portions of core 20a and 20b, located on 
either side of an oblique partition 70. It defines two vertical channels 28 and 30 
located respectively along two opposite large vertical faces of the block, as well as an 
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^^oblique channel 32 located above the partition 70 and communicating with the 
^ /Vertical channel 28 and another ob\ique channel 32 located above the partition 70 and 
communicating with the vertical channel 30. When the blocks are stacked, a device is 
formed which is related either to thaft of Figures 1 and 2, or to that of Figures 4 and 5, 
according to whether the channels 28 are disposed on the side of solar radiation or 
otherwise. Figure 22 will now be referred to, which shows another embodiment of 
the invention in which the device is relared to that of Figures 1 and 2, but which is 
used to effect the heating of water circulating in the canalisations 72 backing on to the 
wall 16. 



It will also be noted that the walls 14 and 16 are no longer exactly vertical, but are 
inclined by an angle A of about 30° to the vertical. Here too, as in Figures 1 and 2, 
the channel 28 forms a low channel and the channel 30 forms a high channel. 
Consequently, the heating of water can be effected under the action of solar radiation, 
and then the cooling of this water can be prevented by using an insulator when the 
solar radiation has stopped. 



The device according to Figure 23 is formed as a shutter 36 mounted pivotably about 
a vertical axis 74, which allows it to adopt two different states, a first state (Figures 
24A and 24B) corresponding to a 'winter' position and a second state (Figures 25 A 
and 25B) corresponding to a 'summer' position. The shutter 36 is capable of pivoting 
along a wall 18 between the two aforementioned states and is related thus to a shutter 
having what is known as 'French-style 1 pivoting. 

The shutter 36 is related to that described above with reference to Figures 6 and 7. It 
comprises cores 20 alternating with partitions 24 or 26 and disposed between two 
walls 14 and 16. The wall 14 is here a black receiving metal sheet placed behind a 
glass pane 42, whereas the wall 16 is a white metal sheet. In the 'winter' position, the 
glass pane 42 and the wall 14 are disposed towards the exterior, whereas the wall 16 
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is disposed towards the interior, i.e. on the side of the wall. In the 'summer' position, 
the reverse is true. 

During the winter period, the device is placed in the position according to Figures 
24A and 24B and operates similarly to that in Figures 1 and 2. During the summer 
period, the shutter is changed over and operates similarly to that in Figures 4 and 5. 



The device in Figures 26 is realises as a wheel-shaped element 36, which is mounted 



^/pivotably about an axis 76 perpendicular to a wall 18. As in the previous 

embodiment, the device comprises cores 20 alternating with partitions 24 or 26 and 
disposed between two walls, notably an outer wall 14 which is here a black metal 
sheet and an inner wall 16, which is herie a black metal sheet. A glass pane 42 is 
disposed on the outside. \ 



etween the glass pane 42 and the wall 14 is provided a series of mobile plates 78 



each articulated about a horizontal axis\80 placed behind the glass pane 42. These 



plates are white in colour and are capable of pivoting according to the position of the 
shutter 36. In a first state (Figure 28 A) corresponding to a winter position, the plates 
78 are inclined according to the position of the sun and allow the sun's rays to fall on 
the metal sheet 14. In a second state (Figure 28B) corresponding to the summer 
position, the plates 78 pivot in a vertical manner and are thus applied to the rear of the 
glass pane 42, thus preventing the sun's energy; from penetrating into the wall. 

Obviously, the invention is not limited to the embodiments described above by way of 
example, and may have other applications besides the heating, cooling and insulation 
of buildings. Thus it is possible to effect, with such a device, the heating of an oven 
(solar oven), the heating of a swimming pool, of a greenhouse, etc.. It is also possible 
to obtain thermal insulation for refrigeration units. 





j^J^Sn all cases, a kind of 'thermal dibde' is formed, which allows or prevents circulation 
^Vof the heat-exchanging fluid consisting of air in a natural manner, which simplifies the 
realisation of the device. \ 

Furthermore, although the invention has been described with reference to a heat- 
exchanging fluid formed of air, it is possible to use other media, in particular liquids. 

>t^9^Jinally, the realisation of the unit or units is open to numerous modifications, in 
/particular in so far as the choice of insulating material is concerned. This may also 
consist for exarnple of fabrics or the like. 



